The spin torque effect predicted by Slonczewski 1 and Berger 2 has been demonstrated to be suitable for generating microwave signals from the injection of dc current through magnetic multilayer structures. In the last decade, several experimental works have shown the feasibility of the efficient generation of microwave oscillations of magnetization of single-domain ferromagnetic nanostructures [3] [4] [5] [6] in the so-called spin-torque nano-oscillator (STNO). More recently, the vortex magnetic states have been considered to improve the signal coherence [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] and to obtain a larger power output 10, 14, 17 than previously with uniform mode oscillations.
In the conditions of vortex based STNO, the STNO under study becomes the so called spin-torque vortex oscillator (STVO).
Various experimental approaches, materials and device configurations were explored for the implementation of suitable magnetic structures for microwave signal generation. Still, the spectral purity and the power of the generated microwave signal should be greatly enhanced to reach the required values for future tunable microwave generators. To this aim, Dussaux et al. 17 have recently shown that MgO based magnetic tunnel junctions (MTJ) can generate a much higher level of power than metallic systems while keeping a reasonable spectral linewitdth.
It has been recently demonstrated 15, 16 that STVOs based on nanowire (NW) spin valves (SVs) can be elaborated by electrodeposition, using anodic aluminum oxide (AAO) as templates [18] [19] [20] . This bottom-up approach is a low cost and simple method to produce spintransfer devices without complex processing. Amongst promising solutions envisaged to increase the generated power in STNOs (or STVOs) is a synchronization scheme with STNOs connected in parallel and/or in series as it is expected to increase the generated microwave power 21 . Nevertheless, to the best of our knowledge, the synchronization of large arrays of Fig. 1(d) ). the pores were filled electrochemically with Cu (see Fig. 1(a) ). More details about the fabrication process and material characterization can be found elsewhere 23, 24 .
Subsequently, electrical nanocontacts on a single or small number of wires was established using an EBL-based contacting technique. To this aim, the filled template was first thinned by mechanical polishing in such a way that the electrodeposited NWs end at the template surface and then thoroughly rinsed in order to obtain a very flat and clean top surface (see Fig. 1 Fig. 1(b,c) ), a resolution better than 40 nm is achieved.
Finally, electrical contact with the nanowires are made with 150 µm wide Au pads defined by EBL followed by Ti/Au metallization (see Fig. 1(d) ). By this method we were able to contact single wire of a dense NW forest.
Electric transport measurements were then performed to characterize the resistance and Compared to our previous results 16 , the field range of emission has been increased. Indeed, the noise generated by the dipolar interaction between neighboring NWs in such a dense array is lowered as each NW contains only one SV (instead of 6 in the previous work).
However, even if only one NW is contacted electrically, the dipolar interaction between adjacent NWs destabilizes the magnetic configuration as the magnitude of the magnetic field increases.
The sign of the slope of the frequency-field features (see Fig. 3 ) is directly related to Thanks to the two-vortex states with opposite polarity the microwave emission appears even without any bias magnetic field and the frequency-field characteristics are linear. As shown in the inset of Fig. 3 , signal quality improvement is also obtained at zero field, i.e.
the linewidth decreases. In contrast, when using a lithographically defined nanopillar SV the minimun of the linewidth is shifted and is obtained at a relatively large magnetic field, around 600 Oe as shown in ref 14 .
Moreover, the relatively low linewidth observed in all the emission spectra is consistent 6 with the vortex gyrotropic motion. Indeed, the measured linewidth was as low as 1.8 MHz for a positive dc current of 6.0 mA. The maximum power obtained is about 99 fW/mA 2 .
The results also corroborate the nucleation of a two-vortex state for positive currents as obtained in the micromagnetic study 16 thus giving rise to a better spectral quality of the signal (i.e., lower linewidth and larger peak height). One should notice that the current used for the measurements was limited to 6.0 mA to prevent from heating due to Joule effect, so that current densities as large as ∼ 6 · 10 7 A/cm 2 were successfully injected on a single NW without deterioration. 
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